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This refugee crisis in the neighborhood of the European Union put EU policies and institutions dealing with refugees and asylum seekers under heavy pressure to reform. The emergency humanitarian situation and the sheer volumes involved acted as stress-tests for the "Common European Asylum System" (CEAS). It is only fair to say that, by and large, the system was unable to provide appropriate responses to the new situation. In Guterres' words: "If we fail to provide adequate support to refugees and their hosts, and to build up their resilience to cope with the long-term pressures of this increasingly protracted refugee situation, we risk a further destabilization of the entire region." 2 Sadly enough, the CEAS remained largely virtual for a long time, prompting strong criticism of its legal framework (see De Bruycker et al., 2010) ; at the same time, the pressure to "do something" generated frantic policy experimentation, with a succession of spectacular but often short-lived initiatives, such as the "Mare Nostrum" operation (Fargues and Bonfanti, 2014; Fargues and Di Bartolomeo, 2015) .
In May 2015, the European Union launched the new European Agenda on Migration (European Commission, 2015a) . The Agenda called for triggering, for the first time, the "emergency response system envisaged under Article 78(3) TFEU," including "a temporary distribution scheme for persons in clear need of international protection to ensure a fair and balanced participation of all Member States to this common effort". This paper goes two steps beyond the European Agenda on Migration with a proposal on how to coordinate policy responses across Member States in response to refugee crisis. Our proposal builds on well-established models in public economics (markets for tradable quotas) and on recent theoretical contributions in the field of mechanism design (the "matching" component in what follows). These tools have been successfully applied to issues as diverse as pollution, kidney transplants, or to the allocation of students to schools, colleges and hospitals. With some adaptation, they can also be applied to improve the EU's asylum and refugee-admission policy in terms both of efficiency and equity.
The system would have two key elements: the market for refugee-admission quotas and the matching mechanism. In the market, countries would trade quotas previously assigned according to an allocation key like the one proposed in the European Agenda on Migration (European Commission, 2015a) . This would make sure that countries more willing to host refugees would welcome more of them and be compensated for doing so by countries less willing to host refugees. The second element, the matching mechanism, is needed in order to make sure that refugee rights are respected at all times. In particular, it guarantees that no refugee is forced to go to an undesired destination. In addition, it generates further efficiency gains by allowing refugees to choose their preferred destinations and countries their preferred, if any, types of refugees.
The full model was developed in Fernández-Huertas Moraga and Rapoport (2014) and adapted to the EU Asylum Policy in Fernández-Huertas Moraga and Rapoport (2015) . This paper shows how such a system could work in the context of the Syrian refugee crisis. We first describe the theory behind the proposed system and then proceed to simulate the market side of the proposal under different parameterizations. We conclude with a summary of the main insights from our analysis and by discussing the need for experimentation before undertaking major reforms of the CEAS.
In earlier work (Fernández-Huertas Moraga and Rapoport, 2015), we set out a "tradable refugee-admission quotas (TRAQs) system with matching" in four steps. The first one is borrowed from earlier proposals, including the European Agenda on Migration. Numbers 2 and 3 refer to our proposal proper, while number 4 just relates it to existing policies, as reflected in an EU pilot project.
The distribution Key
First, we start by documenting the general recognition in both academic and policy circles for the need to reform the CEAS and the need to structure EU asylum policy reform around a number of core legal and institutional principles; first among them is the notion of solidarity, both internal (sharing responsibility among EU member countries) and external (providing refugee protection to those who most deserve it). Regarding "responsibility-sharing" (often improperly referred to by the less politically-correct term "burden-sharing"), we recall the findings of studies (notably Hatton, 2012, and Thielemann et al., 2010) trying to assess the fair share of refugees and asylum seekers each EU country should take according to its "capacity." For example, Thielemann et al. (2010) suggest that based on an "equal burden sharing rule" (assessed by a "combined capacity index"), more than one third of the asylum seekers that were present within the EU borders in 2010 should have been transferred to other countries within the EU. Wagner and Kraler (2014) compare up to seven different quota distribution rules that have either been proposed or implemented within countries. Their implications in terms of the share of asylum seekers that should be allocated to each EU Member State are shown in Fig. 1 :
The rules are the following:
1. SWP Model: 40 percent economic strength (GDP), 40 percent population size, 10 percent geographic area and 10 percent unemployment rate. 2. German Proposal 1994: one-third population size, one-third geographic area and one-third economic strength (GDP). 3. German Model for internal dispersal: one-third population size and two-thirds share in total tax revenue. 4. Austrian Model for internal dispersal: population size. 5. Share of EU GDP or economic strength. 6. Mean Asylum Applications in 2009-2013. 7 . European Refugee Fund distribution key: 30 percent based on number of beneficiaries of international protection admitted in the last three years and 70 percent based on number of applicants for international protection admitted in the last three years. Figure 1 shows that rules 1 to 4 give rise to similar distributions of quotas, based mostly on economic strength and population, which are typically highly correlated. Rules 6 and 7 are a bit different as long as they are based on actual applications and refugees accepted by the countries. In this sense, they can be seen as having an inertia component, which can alternatively be interpreted as either maintaining the status quo or else as reflecting revealed preferences on the part of Member States.
The European Agenda on Migration (European Commission, 2015a) introduced an eighth distribution key with the following components (European Commission, 2015b): a) the size of the population (40% weighting), b) the total of the GDP (40% weighting), c) the average number of spontaneous asylum applications and the number of resettled refugees per one million inhabitants over the period 2010-2014 (10% weighting) and d) the unemployment rate (10% weighting). Hence, it is basically a replication of rule number 1 that substitutes the geographical area element with something similar to rules 6 and 7, although used in the opposite direction. Rather than to ensure some inertia, the inclusion of the previous number of resettled refugees aims at relieving the efforts of those countries that received more refugees in the past.
Next, we detail the two components of our proposed mechanism, which are borrowed from the broader scheme developed in Fernández-Huertas Moraga and Rapoport (2014).
The market for tradable refugee-admission quotas
The first component is the tradable quotas system. Its principle is to determine a total number of asylum seekers/refugees to be hosted by the EU and a distribution of initial quotas across countries. We are agnostic with respect to the total number and the initial allocation, which could be done according to any of the eight rules mentioned above. These issues must be addressed in any solidarity mechanism, not just ours. The advantage of a tradable quotas system, however, is that it allows for revealing information on the true costs of accommodating refugees in the participating countries, and it allows (actually, forces) countries to exploit their comparative advantages in either "hosting" or "funding." In other words, there are two ways by which countries can contribute to the public good of the "international protection of refugees:" through visas or through money. The market for admissions will allocate refugees so that the marginal cost of hosting them is equalized across destinations. The solution is efficient in that it minimizes the total cost (or, for a given total cost, allows for the accommodation of more refugees).
Of course, for such a system to bring about benefits that exceed its set-up costs, there must be large cross-country differences in the costs of admitting refugees and asylum seekers. This will be more likely the case if countries are more dissimilar in their assessments of how "costly" refugees' admissions are (which in turn depends on how dissimilar they are in terms of economic performance, demographic structure, intrinsic preferences for diversity and cultural proximity, and any other dimension affecting the actual and perceived costs of hosting refugees). Finally, it is also important to assess the extent to which the EU Member States are opened to financial compensations among them as potential solidarity mechanisms. Thielemann et al. (2010) suggests that financial compensation is among the preferred mechanisms (together with information sharing and joint capacity-building) to put solidarity in the field of asylum policy into practice.
The matching mechanism
The second component is the matching mechanism, whereby each candidate refugee (e.g., an asylum seeker or a refugee applying for resettlement within the EU) is asked to rank his or her preferred destinations. This means that they would prefer to be resettled in that destination (or have their asylum request examined there) rather than remaining in their current situation. Under no circumstance would a refugee or asylum seeker be forced to go to an undesired destination.
There are several matching mechanisms that could be compatible with our scheme. For example, we could have a one-sided matching mechanism in which only refugees and asylum seekers would express their preferences about their preferred destinations, while destination countries would have no say. In that case, candidate refugees would be ranked in a random order, with the first in line granted their first choice, the second in line their first choice, etc., until we have to go down the list as preferred destinations gradually fill up. This is known as the top trading cycles mechanism, which would be equivalent to a random serial dictatorship (the first in the line "dictates"). This mechanism is typically used for allocating students to housing units in a campus (Abdulkadiroglu and Sonmez, 1999) .
However, the matching mechanism does not need to limit the choices of the receiving countries. EU hosting countries could also express their preferences, this time vis-à-vis the "type" of refugees they would like to host. For example, countries could express preferences according to the skill or education level of the refugees, their nationality, family status, or legal status (e.g., asylum-seekers vs. refugees applying for resettlement). This is done by "bidding" for certain types as part of the country's quota. If all countries have the same preferences, the result will be equivalent to a case where they are indifferent with respect to refugee type. If countries have diverging preferences, then allowing them to express these preferences will reduce the expected cost of the system.
Matching mechanisms in which both refugees and Member States could state their preferences are typically used to assign students to schools or colleges. Several mechanisms would be feasible, such as the student-proposing deferred acceptance mechanism. Fernández-Huertas Moraga and Rapoport (2014, 2015) recommend the countryproposing deferred acceptance mechanism by which countries would first propose visas for refugees, and refugees would decide whether to accept them or not in successive rounds. In practice, the mechanism simply requires collecting the preferences of both countries and refugees or asylum seekers. These preferences would take the form of a ranking of preferred destinations for refugees, in particular stating clearly which countries they would be unwilling to move to at all, and a ranking of preferred types of refugees for hosting Member States. The algorithm for the mechanism can then be programed and run in a centralized way, and the solution would be exactly the same as the solution to the game of proposals and counter-proposals.
Comparing our proposal to existing policies: the EUREMA case
Overall, the combination of these two elements-the tradable quotas system and the matching mechanism-results in a policy tool that has lots of theoretical advantages: costefficiency, incentive compatibility, 3 and fairness in cost-sharing and in refugees' allocation. Could it work in the real world? To try to assess this, Fernández-Huertas Moraga and Rapoport (2015) concluded with a discussion of the properties of the proposed tool against the background of the EUREMA (European Relocation from Malta) Program. This program took place in 2011-12 and allowed for the relocation of about 500 refugees and asylum seekers in 15 participating countries. The selection of potential beneficiaries that were relocated was made in two steps: UNHCR first stepped in through a registration exercise, and then participating countries sent missions to Malta to make the final selection.
Importantly, from our perspective, the program was evaluated by the European Asylum Support Office (European Asylum Support Office, 2012). The evaluation report reveals important information about the conception and execution of the program. First, it is clear that substantial attention was paid to the selection criteria and demands emanating from participating countries, but candidate refugees' preferences about destinations were largely neglected. This led to long delays, frictions and inefficiency.
Second, the report listed a series of problems identified by the participating countries including: delays in the identification of candidate refugees genuinely interested in relocation; lack of overlap between the participating states' selection criteria and refugee profiles; troubles in assessing the willingness and suitability of potential beneficiaries to being relocated; unclear criteria concerning relatives and family reunification 4 ; and lack of will by some candidates to commit to relocation offers by new EU Member States where there are few migrant communities.
As explained above, a tradable quotas system (with a matching mechanism) is precisely designed to address these problems. Following the publication of the new European Agenda on Migration, we therefore examine below how our proposal could be implemented in the quantitatively much bigger (and, arguably, politically much more sensitive) context on the Syrian refugee crisis.
Simulations
This section simulates the policy proposal described above under different scenarios related to the Syrian refugee crisis. The functional forms and main assumptions of the calculations we present are taken from Fernández-Huertas Moraga and Rapoport (2014), who simulated an extension of the US diversity visa lottery to the OECD under a similar mechanism.
Basic assumptions
In particular, the cost function for country i of hosting r i new Syrian refugees that we use in the simulations below is the following:
The country cost c i (r i ) depends convexly on the number of refugees r i hosted, on the total population of the country pop i and on the country-specific parameter γ i . The parameter γ i can be interpreted as the degree of aversion for an individual country i to hosting additional Syrian refugees. An advantage of this formulation is the possibility of writing the marginal cost as a linear function of the share of incoming refugees over the total population:
The remaining main ingredients of our proposal are the following:
-A total number of refugees to be resettled. In order to focus on the mechanics of the system, we confine ourselves to the little more than 40,000 Syrian refugees to be resettled pledged by EU Member States 5 at the beginning of 2015. Alternatively, we could use three more ambitious proposals by François Crépeau, UN Special Rapporteur on migrant rights, Amnesty International and UNHCR, 6 ranging between 130,000 and 200,000 refugees, or the one established by the European Agenda on Migration for relocating 40,000 arrivals in Greece and Italy to the rest of the European Union and resettling 20,000 refugees from third countries across all Member States (European Commission, 2015a). Since we are focusing on the Syrian crisis, we prefer to perform the simulations with the data that were referred exclusively to Syria.
-An initial distribution of quotas across countries before trading. We follow the eighth distribution key introduced in the previous section, that is, the one proposed in the European Agenda on Migration (European Commission, 2015a, 2015b).
-Preferences for refugee admissions. Following Fernández-Huertas Moraga and Rapoport (2014), we use both survey results on the willingness of natives to host additional refugees and revealed preferences, that is, the actual number of Syrian refugees pledged by European countries. The survey data correspond to the share of people in the Special Eurobarometer 380 from 2011 disagreeing with the statement: "The EU Member States should offer protection and asylum to people in need".
-A monetary reference on the cost of hosting refugees. We need a number to translate our model equations into euros. We use the per refugee quantity that the Asylum and Migration Fund provides EU member states with whenever they host an additional refugee, that is, 6000 to 10,000 euros. 7 We focus on the upper bound of 10,000 euros.
For the sake of brevity, we only present fully here two of the many simulations that we have performed. The rest, in particular those with different distribution keys, are available upon request.
Simulation based on pledges (revealed preferences)
Table 1 presents our first simulation. We only consider Member States who had actually pledged to host Syrian refugees as of April 2015. These Member States account for 85 percent of the total quotas assigned by the European Commission (2015a) for resettlement from third countries. The actual pledges are shown in the first data column. The second shows a distribution of quotas following the European Commission proposal for resettlement from third countries rescaled for the omission of non-pledging countries. We can see that there are countries such as Germany, Sweden, Austria and Finland pledging to host more Syrian refugees than the EU proposal would suggest, while all the rest, notably the UK, Italy or Spain, pledge to host much fewer refugees than implied by the European Commission.
Suppose countries were assigned, by our mechanism, the quotas suggested by column 2 (on the basis of the EU resettlement proposal), what are the intrinsic preferences on refugee arrivals that could generate the actual observed pledges? This question is answered in column 3. The column gives us a measure of the anti-refugee sentiment of the Member States (in proportion to their population). For example, the UK, Poland and Spain, in such a market, would have revealed themselves as the countries disliking refugees the most. On the contrary, Germany, Sweden and Austria would be revealed 
Quotas traded 62%
Notes: Countries included are EU Member States that pledged to host Syrian refugees as of April 2015; pledges refer to the number of Syrian refugees they pledged to host as of April 2015; initial quotas are calculated by rescaling the EU proposal on resettlement for the omission of non-pledging countries; anti-refugee sentiment calculated as population over pledge divided by 1 million; market quota is the market allocation in this simulation given the assumptions as the most refugee-friendly countries. How do we attain this number? We would just need to equate marginal costs across countries to the market-clearing price so that:
From this, we can get γ revealed i as:
The number shown in column 3 is the γ revealed i calculated as explained above and divided by 1 million to make it readable.
About 62 percent of all the quotas allocated according to column 2 would be traded, generating an overall 92 percent cost reduction with respect to the EU distribution of quotas. By definition, the total cost would not vary with respect to the pledges from column 1, but the distribution of costs would certainly change substantially. The market would benefit Germany, Sweden and Austria, who would be paid by countries such as the UK, Spain and Hungary.
In monetary terms, we can take the polar cases of Germany and the UK. Suppose that we equate the marginal cost of the market to 10,000 euros, the per-refugee compensation given by the Asylum and Migration Fund. The total cost, both under the existing pledges and under the market, would be equal to 40,137 pledges times 10,000 euros, that is 201 million euros. Under the current system of pledges, Germany's cost would be equal to 150 million while the UK's cost would be limited to 715,000 euros. If the market were to be implemented, though, Germany would actually turn a profit of 77 million euros, while the UK's cost would rise to 54 million.
Simulation based on Eurobarometer replies (stated preferences)
Of course, the simulation above is a very particular one. We can next assume that preferences have not been revealed by the current pledges but, instead, the true preferences of the Member States were reflected in the answers of their citizens to the Eurobarometer 380 (2011) question on the appropriateness of granting asylum to people in need. This exercise is performed in Table 2 , where the taste parameter γ i is no longer calculated but is taken instead as a given characteristic of each of the countries:
In this case, only a quarter of the initial distribution of quotas would be traded. The reason is that the differences in preferences are not as extreme as in Table 1 . The difference between the most refugee-friendly country (Sweden) and the less refugee-friendly one (Hungary) is less than 8 to 1, compared to 166 to 1 (Germany vs. the UK) in Table 1 . Given that there would be fewer trades, the total cost reduction with respect to the initial EU quotas is smaller than in Table 1 , just 27 percent instead of 62 percent.
The main difference would come from the comparison with the cost associated to existing pledges. The market would imply a cost reduction of 65 percent with respect to the voluntary pledges. The reason is that the pledges are very far from the optimal solution implied by the market. In other words, the pledges would be very different from Member States' true preferences, if the true preferences are correctly reflected in the Eurobarometer survey. The simulation is run under the assumption that countries' true cost corresponds to these preferences rather than to the revealed ones from Table 1. In monetary terms, if we maintain the assumption that the marginal cost of the market equates the 10,000 per-refugee compensation from the Asylum and Migration Fund, then the total cost of the market would still be 200 million euros as in Table 1 . As a result, we would infer the actual cost of the existing pledges to be 568 million euros according to our simulated cost functions.
Considering again the polar cases in this simulation, the most benefitted country with respect to the existing pledges would be Poland, which would actually earn 9 million euros through the market. Sweden would be the only other country to turn a profit. The reason is that residents of both countries declare to be particularly refugeefriendly, and this translates into a low cost of hosting refugees for them. Hence, they get paid a large sum by less refugee-friendly countries. On the opposite side, the UK would have the largest cost increase, from 34,000 euros to 39 million euros, although the biggest cost overall would correspond to France, with 41 million euros.
General discussion
It is important to stress that the simulations above are for illustrative purpose only. We have (nor anyone has) any definitive evidence as to what countries preferences are in 
Quotas traded 25%
Notes: Countries included are EU Member States that pledged to host Syrian refugees as of April 2015; pledges refer to the number of Syrian refugees they pledged to host as of April 2015; initial quotas are calculated by rescaling the EU proposal on resettlement for the omission of non-pledging countries; anti-refugee sentiment calculated as the share of people in the Special Eurobarometer 380 from 2011 disagreeing with the statement: "The EU Member States should offer protection and asylum to people in need;" market quota is the market allocation in this simulation given the assumptions reality (not to mention that governments can opt for policies that are only imperfectly reflecting people's preferences) or what cost-functions they imply. Actually, only a market-mechanism of the type we are proposing is able to reveal the true cost for countries of hosting additional refugees-and to result in a sensible "price" that can guide public decision-making. Still, even though both approaches give us different results in terms of the efficiency of the market and the final distribution of costs that it would generate, they are useful in understanding the difficulties the EU is having in coordinating a response to the Syrian crisis. Both approaches conclude that a majority of countries lose with respect to an uncoordinated solution, at least given the initial distribution of quotas that has been proposed by the European Union. There are very few countries, mostly Germany and Sweden, that would actually benefit from a coordinated solution even if this was globally efficient as in our simulation presented in Table 2 . This suggests that the initial distribution of quotas would need to be adjusted to make sure that all the Member States, or at least a majority of them, benefit from the coordinated policy. This is feasible as long as there are global gains, but it would require a level of information that it is unlikely to be available.
Given these considerations, we do not advocate a full implementation of our system to begin with. Instead, we believe our proposal should be tested on a reduced number of refugees, and possibly member states, before scaling it up. The objective would be to show that it actually generates substantial welfare gains both for refugees and for participating member states. It would also allow us to elicit some useful information on how to manipulate initial quotas so that a larger number of participating countries benefit from the market.
Conclusion
The Common European Asylum System had been struggling to coordinate policies across Member States for a long time, but the refugee flights generated by the war in Syria made its problems more apparent and their solution more urging. The current paper takes the theoretical model developed in Fernández-Huertas Moraga and Rapoport (2014) and adapted by Fernández-Huertas Moraga and Rapoport (2015) to the coordination of the reception of refugees and asylum seekers in the European Union and goes on to simulate how it would work in the context of the Syrian refugee crisis.
Our proposal consists of three main elements. The first one is a distribution of responsibilities across Member States according to some criterion. This issue has already been tackled by the European Commission when launching their European Agenda on Migration. Secondly, we argue that refugee preferences need to be taken into account by allowing them to choose their preferred destination within the European Union as long as there are refugee quotas available. Similarly, receiving countries preferences regarding refugee types could also be taken into account. We would implement this choice through the adoption of one of the classical matching mechanisms that have been typically used to assign students to colleges or doctors to hospitals. Thirdly, allowing Member States to trade the quotas assigned by the European Commission would ensure that refugees end up going to the countries where it is less costly or more beneficial to host them.
